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1
FILTER-BASED FORWARDING IN A
NETWORK

RELATED APPLICATION

This application is a continuation of U.S. patent applica-
tion Ser. No. 09/990,204, filed Nov. 21, 2001, which is incor-
porated herein by reference.

BACKGROUND OF THE INVENTION

In a conventional computer network (e.g., the Internet),
computers communicate over a network infrastructure made
up of interconnected nodes, such as routers and/or switches,
connected by communication links such as optical fiber, cop-
per cable, and wireless links. Typically, the topology of the
network infrastructure is configured in such a way that the
infrastructure contains more than one path through which
data may be carried from one computer to another. The topol-
ogy, for example, may include a partial mesh configuration,
where a node is connected to multiple other nodes. A router in
such a network, therefore, may contain a plurality of interface
ports for connection to multiple neighboring routers.

Such a router typically receives data in discrete units
(herein referred to as “packets,” which may include frames,
cells, packets, or any other fixed- or variable-sized unit of
data) at one or more of its ingress interface ports. The router
examines destination address information embedded in the
packets and determines the appropriate egress interface ports
for outputting the respective packets, typically by performing
a table lookup. To construct and update tables, routers may
use dynamic routing protocols to systematically exchange
information with other devices in the network to obtain a view
of the network topology (this information being maintained
in a routing database, such as one or more routing tables).
Based on this information, the router constructs and updates
a forwarding table, which associates ranges of destination
addresses to respective egress interface ports.

In some cases, however, such use of forwarding tables may
be inadequate. By relying on destination addresses to deter-
mine the appropriate egress interface port for packets, tradi-
tional routers do not distinguish packets according to other
criteria. It may be desirable to use other criteria to, for
example, facilitate traffic engineering of certain types of
packets (i.e., select egress interface ports based on packet type
as well as destination address).

In addition, in certain circumstances, the traditional use of
forwarding tables may be inadequate to implement virtual
private networks (VPNs). In cases where a single router for-
wards traffic for two separate VPNs, the router needs to
ensure that traffic from one VPN is not sent to the other VPN.
One proposed solution is to bind one or more ingress interface
ports and one or more egress interface ports to each VPN. In
this way, the bound ingress and egress interface ports only
carry traffic for one VPN, allowing the router to readily main-
tain separation of traffic for each VPN.

In some cases, however, the network configuration may be
such that traffic from two VPN is intermingled and received
at a single ingress interface port of a router. This may happen,
for example, where the traffic from the two VPNs is carried
over an open access network in which traffic separation is not
maintained before arriving at the router. One potential solu-
tion is to inject tags into each packet to uniquely identify the
VPN from which the packets came. This may be undesirable
because additional components or enhancements would be
required at each source computer in the VPN to generate tags
and at the router to identify the tags and separate the different
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VPN tratffic. Another solution is to use policy-based routing,
which involves statically configuring the forwarding table to
forward packets according to criteria other than destination
address. This may also be undesirable because static policies
are typically configured manually and are not updated
dynamically as the state of the network changes. Policy-based
routing may also require the use of additional components or
enhancements.

Thus, there is a need for an invention that more adequately
addresses problems occurring in the network.

SUMMARY OF THE INVENTION

According to one embodiment of the invention, a router
receives a packet at an ingress interface. The router classifies
the received packet based on at least a first field value con-
tained in the header of the packet. According to the classifi-
cation of the received packet, the router associates one of the
plurality of forwarding tables to the packet. The router then
performs a lookup operation in the associated forwarding
table according to at least a second field value contained in the
header of the packet. Based on the lookup operation, the
router determines an egress interface and transmits the
received packet from the determined egress interface.

It is to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory only and are not restrictive of the inven-
tion, as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in
and constitute a part of this specification, illustrate several
embodiments of the invention and together with the descrip-
tion, serve to explain the principles of the invention.

FIG. 1A is a block diagram of a router incorporating prin-
ciples of the invention according to a first embodiment;

FIG. 1B is a block diagram of a router incorporating prin-
ciples of the invention according to a second embodiment;

FIG. 2 is a block diagram of a route lookup module incor-
porating principles of the invention;

FIG. 3 is a flow chart representing the initialization process
for a router according to the invention;

FIG. 4 is a flow diagram representing a process for for-
warding packets in a router according to the invention;

FIG. 5 shows a first example of a network topology using a
router according to the invention;

FIG. 6 shows a second example of a network topology
using a router according to the invention;

FIG. 7 shows a third example of a network topology using
a router according to the invention; and

FIG. 8 shows a fourth example of a network topology using
a router according to the invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Reference will now be made in detail to embodiments of
the invention, examples of which are illustrated in the accom-
panying drawings. Wherever possible, the same reference
numbers will be used throughout the drawings to refer to the
same or like parts.

According to the invention, a router may perform packet
forwarding based on not only the destination address of the
packets, but also based upon other information contained in
the packets. Such other information may include source
address, protocol field, packet classification, and packet type.
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In one embodiment, the router of the present invention uses a
filter, such as a firewall filter, to classify packets based on
packet header field values and selects respective forwarding
tables for lookup based on the classification.

FIG. 1A shows router 100. Generally, router 100 receives
packets on the input lines and determines the output lines
from which the packets areto be output. As shown in FIG. 1A,
router 100 includes a plurality of interface (I/F) modules 110,
switch fabric(s) 120, route lookup module(s) 130, and routing
engine 140. Each I/F module 110 connects to one or more
respective input lines and/or output lines.

Each I/F module 110 contains one or more ingress interface
ports (not shown) for receiving packets from respective input
lines and/or one or more egress interface ports (not shown) for
transmitting packets to respective output lines. I/'F module
110 may perform processing on the headers of respective
packets (e.g., layer 2/3 header processing) so the packets are
in the appropriate format for processing through switch fabric
120 (for packets received at the ingress interface ports) and
for transmission over the output lines (for packets to be sent
out the egress interface ports). In one embodiment, I/F mod-
ules 110 are implemented as circuit boards that are insertable
and removable from router 100. One or more I/F modules 110
may be inserted at a time.

Switch fabric 120 contains logic for receiving packets from
I/F modules 110 and for transmitting packets out to I/F mod-
ules 110. In one embodiment, switch fabric 120 may contain
buffer memory for storing received packets. In another
embodiment, switch fabric may be a cross-connect connect-
ing sets of I/F modules 110 with buffer memory contained in
respective I/F modules 110. Switch fabric 120 preferably
provides packet header information (e.g., destination address
information) for received packets to route lookup module 130
and receives identifiers specifying which egress interface
ports in the I/F modules 110 to forward the packets to.

Each of route lookup module(s) 130 examines character-
istics of packets flowing through switch fabric 120 to deter-
mine the manner in which they are to be forwarded (e.g.,
determining the egress interface ports on which respective
packets are to be output). In one embodiment, route lookup
module 130 examines packet header information for respec-
tive packets, which may include performing a filtering opera-
tion and table lookups using one or more forwarding tables.
One embodiment of route lookup module 130 is described in
connection with FIG. 2.

Routing engine 140 maintains a database of routing infor-
mation which may be received in route messages from other
routers using routing protocols. Routing engine 140 prefer-
ably generates forwarding tables which are transmitted to
route lookup module 130. Routing engine 140 systematically
receives updated information reflecting changes in the net-
work, updates its database (which may be stored as routing
tables), generates one or more forwarding tables from the
database, and transmits the forwarding tables to route lookup
module 130. Routing engine 140 preferably comprises a pro-
cessor executing routing protocols for computing routes and/
or network topology.

FIG. 1B is a block diagram of router 102. Router 102 is
similar to router 100, except that each I/F module 110 has a
corresponding route lookup module 130 connected to it. In
addition, routing engine 140 connects to each of the route
lookup modules 130. Router 102 operates in a manner similar
to router 100, except that a lookup operation is performed by
the route lookup module 130 corresponding to the I/'F module
110 at which packets are received. I/F modules 110 provide
packet header information to the corresponding route lookup
modules 130 and receive egress interface port information for
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each packet. I'F modules 110 transmit the packets and
received egress interface port information to switch fabric
120, which forwards the packets to the appropriate I/F mod-
ules 110. To carry out this operation, each I/'F module 110 in
router 102 may contain buffer memory for storing packets.

FIGS. 1A and 1B show different embodiments of routers
that may be used with the invention. In alternative embodi-
ments, the invention may be used with other router or switch
architectures or in any device that performs packet forward-
ing.

FIG. 2 shows a block diagram of route lookup module 130.
As shown in FIG. 2, route lookup module 130 includes filter
200, lookup processor 210, and a plurality of forwarding
tables 220 (shown as 220(A) and 220(B)) stored in memory.
While two forwarding tables 220 are shown in FIG. 2, any
number of forwarding tables may be used in alternative
embodiments. Lookup processor 210 is connected to filter
200 and forwarding tables 220.

Filter 200 is preferably a firewall filter which may be pro-
grammed to classify or identify packets based on selected
criteria and perform certain actions based on those classifi-
cations. Such criteria, for example, may involve the content of
received packets, such as IP destination address, IP source
address, IP protocol field, the ingress and/or egress router
interfaces, and the state of the router. In a preferred embodi-
ment, filter 200 classifies packets based on source address
information and selects one of forwarding tables 220 based on
that classification. In other embodiments, other actions may
be carried out in addition to the selection of one of forwarding
tables 220. Filter 200 may be implemented in hardware as
circuit logic for carrying out the respective operation or as one
or more processors programmed to carry out the operation.

Lookup processor 210 performs table lookups. For each
packet, lookup processor 210 preferably receives packet
header information, including the destination addresses of the
packets, and a table identifier specifying a particular forward-
ing table 220 to be used and outputs an egress interface port
identifier for that packet. In addition to an egress interface
port identifier, lookup processor 210 may, in appropriate
cases, output the address of the neighboring device to which
the packet is to be sent. This may be appropriate, for example,
when the egress interface port is an Ethernet port. Lookup
processor 210 may be implemented in hardware as circuit
logic for carrying out the respective operation or as one or
more processors programmed to carry out the operation.

Each of forwarding tables 220 contains entries associating
ranges of destination addresses to corresponding egress inter-
face ports in the router. In one embodiment, each forwarding
table 220 corresponds to a separate virtual private network
and at least some of the entries in each forwarding table 220
correspond to label switched paths that have been established
to other nodes in the respective virtual private network.

While forwarding tables 220 may contain entries associat-
ing address ranges with respective egress interface port iden-
tifiers, alternative implementations of forwarding tables 220
may contain one or more levels of indirection. For example,
forwarding tables 220 may associate address ranges with
nexthop identifiers. The nexthop identifiers are associated
with egress interface ports (or other actions) in a nexthop
resolution table.

FIG. 3 shows a flow diagram of a process for initializing a
router in accordance with the invention. A forwarding table is
generated for each classification that will be programmed into
the filter (step 310). The filter is then programmed to define
the criteria used for packet classification (step 320). Such
classifications may, for example, include ranges of source
addresses, other packet header criteria, and a default if no
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criteria is met. The filter is programmed to select a forwarding
table corresponding to each respective classification (step
330).

FIG. 4 shows a flow diagram representing a process for the
operation of'a router (such as router 100 or 102) in accordance
with the present invention. A packet received at the router is
classified based on packet header information (step 410). This
step may be performed by a programmed filter, such as a
firewall filter that uses packet header information criteria to
classify the packet. In a preferred embodiment, the filter
classifies packets based on source address. The packet may be
classified in the default classification if no criteria is met for
that packet. A forwarding table is then selected based upon the
classification (step 420). In a preferred embodiment, the filter
selects a forwarding table for a packet based on the classifi-
cation of that packet.

In alternative embodiments, additional or alternative
actions and/or packet processing may be performed based
upon the classification (step 430). Such other actions may
include, for example, sampling, policing, logging, and setting
alerts. Packet processing that may be performed may include
label encapsulation and/or decapsulation. The output port on
which the packet will be output is determined using the
selected forwarding table (step 440). This may be done by
using the packet header information, such as the destination
addresses, to look up the corresponding egress interface out-
put port identifier (and/or neighboring device address) in the
selected forwarding table.

FIG. 5 shows an example of a network topology using a
router of the present invention. Two Internet Service Provid-
ers (ISPs) are represented: ISP A and ISP B. Each ISP cus-
tomer desires to access its respective ISP’s network and must
do so through an open-access network. Router F serves as a
gateway between the open-access network and each ISP net-
work.

When data from the ISP A customer and the ISP B cus-
tomer are sent to the open access network, router F operates to
separate those packets and transmit them to the networks of
the respective ISPs. Router F, for example, may be pro-
grammed such that its firewall filter detects packets coming
from the ISP A customer by identifying the source addresses
of packets from the ISP A customer and detects packets from
the ISP B customer by identifying the source addresses of
packets from the ISP B customer. When the firewall filter in
router F determines that a packet has come from either the ISP
A customer or the ISP B customer, it can then select the
appropriate forwarding table which contains entries to egress
interface ports connected to the respective ISP network.

FIG. 6 shows a network topology similar to the one shown
in FIG. 5, further including a VPN backbone connecting
router F to routers A2 and B2. Established within the VPN
backbone are LSP 1 and L.SP 2 over which packets destined to
the networks of ISP A and ISP B are transmitted, respectively.
As in the network shown in FIG. 5, router F classifies packets
using its firewall filter to identify which packets have come
from the ISP A customer and which packets have come from
the ISP B customer. Router F uses the appropriate forwarding
tables based on its classifications of the packets. Those for-
warding tables may contain entries corresponding to respec-
tive LSPs 1 and 2.

FIG. 7 shows an alternative network topology to the one
shown in FIG. 6. As shown in FIG. 7, two routers, routers F1
and F2, are used in place of router F. Router F1 performs
filtering and separates packets from the ISP A customer and
the ISP B customer. Packets from each of these respective ISP
customers are transmitted over separate egress interface ports
of router F1 and accordingly sent over separate links to router
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F2. In router F2, sets of ingress and egress interface ports are
bound to the networks of respective ISPs. That is, traffic
received at one ingress interface port is forwarded out of the
egress interface portto which it is bound. Each set of interface
ports corresponds to an ISP.

FIG. 8 shows another exemplary network topology that
utilizes a router in accordance with the present invention. The
network topology shown in FIG. 8 illustrates how the router
of'the present invention may be used for traffic engineering. In
a typical case, packets coming into router F would be routed
to router 3 based on an algorithm that determines a least cost
path. Here, packets coming into router F would be routed to
router 3 via router 1 (1+1=2) because the combined metric
through router 1 is lower than the combined metric through
router 2 (1+2=3). To facilitate traffic engineering, the firewall
filter in router F may be programmed to classify certain pack-
ets received by router F, such as voice traffic or traffic from
certain source addresses, and select a routing table that would
forward such packets to router 3 via router 2. In this way,
certain kinds of'traffic can be routed over a different path then
what would otherwise be computed using least cost path
computations.

Other embodiments of the invention will be apparent to
those skilled in the art from consideration of the specification
and practice of the invention disclosed herein. For example,
while the invention has been described in connection with a
router, the invention may also be used in a switch or other
networking device in which actions are performed on pack-
ets. Further, while the invention has been described in con-
nection with tables (routing tables and forwarding tables), the
invention may also use route or forwarding information
stored in other data structures/forms or in databases. It is
intended that the specification and examples be considered as
exemplary only, with a true scope and spirit of the invention
being indicated by the following claims.

What is claimed is:
1. A method comprising:
receiving, by a networking device, a particular packet;
determining, by the networking device, whether a source
address of the particular packet is in a particular range of
source addresses;
performing, by the networking device, a first lookup opera-
tion in a first forwarding table, without performing a
lookup operation in a second forwarding table, to iden-
tify a first egress port, of the networking device, when
the source address of the particular packet is in the
particular range of source addresses;
performing, by the networking device, a second lookup
operation in the second forwarding table, without per-
forming the first lookup operation in the first forwarding
table, to identify a second egress port, of the networking
device, when the source address of the particular packet
is not in the particular range of source addresses,
at least one of the first forwarding table or the second
forwarding table containing information associated
with at least one level of indirection,
the information associated with the at least one level
of indirection including information associating
the source address with one or more next hop iden-
tifiers,
information associating the one or more next hop
identifiers with at least one of the identified first
egress port or the identified second egress port
being included in a resolution table; and
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forwarding, by the networking device and using the infor-
mation in the resolution table, the particular packet to the
identified first egress port or the identified second egress
port.

2. The method of claim 1, further comprising:

classifying the particular packet based on the source

address; and

performing the first lookup operation or the second lookup

operation based on the classifying.

3. The method of claim 2, where the classifying comprises
determining whether the source address meets one or more
criteria.

4. The method of claim 3, where the classifying further
comprises assigning a default classification when none of the
one or more criteria is met.

5. The method of claim 1, where the first forwarding table
contains an entry corresponding to a first label switched path.

6. The method of claim 5, where the second forwarding
table contains an entry corresponding to a second label
switched path.

7. The method of claim 1, where the first and second
forwarding tables contain entries associating address ranges
with egress port identifiers corresponding to the first egress
port and the second egress port.

8. A networking device comprising:

a memory to store a first forwarding table, a second for-

warding table, and a resolution table;

a filter to:

initiate, to identify a first egress interface, a first lookup
operation in the first forwarding table when a source
address of a received packet is in a particular range of
source addresses; and
initiate, to identify a second egress interface, a second
lookup operation in the second forwarding table when
the source address is not in the particular range of
source addresses,
at least one of the first forwarding table or the second
forwarding table containing information associ-
ated with at least one level of indirection,
the information associated with the at least one
level of indirection including information asso-
ciating the source address with one or more next
hop identifiers,
information associating the one or more next hop
identifiers with at least one of the first egress
interface or the second egress interface being
included in the resolution table;
a plurality of ingress interfaces to receive packets; and
aplurality of egress interfaces to receive the packets, based
on information in the resolution table, and transmit the
packets,
the plurality of egress interfaces including the first
egress interface and the second egress interface,
the first results operation resulting in an identification
of the first egress interface, and
the second lookup operation resulting in an identifi-
cation of the second egress interface,
the received packet being transmitted from the first
egress interface or the second egress interface.

9. The networking device of claim 8, where the first for-
warding table contains an entry corresponding to a first label
switched path.

10. The networking device of claim 9, where the second
forwarding table contains an entry corresponding to a second
label switched path.
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11. The networking device of claim 8, where the filter is
further to:

classify the received packet based on the source address.

12. The networking device of claim 11, where the filter is
further to:

initiate the first lookup operation or the second lookup

operation based on classifying the received packet.

13. The networking device of claim 11, where the filter,
when classifying the received packet, is further to:

determine whether the source address meets one or more

criteria; and

classify the received packet based on the determination.

14. The networking device of claim 13, where the filter,
when classifying the received packet, is further to:

assign a default classification when none of the one or more

criteria is met; and

classify the received packet based on assigning the default

classification.

15. The networking device of claim 8, where the first and
second forwarding tables contain entries associating address
ranges with egress interface port identifiers corresponding to
the plurality of egress interfaces.

16. The networking device of claim 8, where

at least one of the first lookup operation or the second

lookup operation results in an identification of a next hop
egress interface to which one ofthe received packets is to
be transmitted.
17. A method comprising:
generating, by a device, a first forwarding table including
information identifying a first egress interface port;

generating, by the device, a second forwarding table
including information identifying a second egress inter-
face port;

programming, by the device, a filter to initiate a first lookup

operation in the first forwarding table when a received
packet is classified in a first manner based on a source
address of the received packet being in a first range of
source addresses;

programming, by the device, the filter to initiate a second

lookup operation in the second forwarding table when
the received packet is classified in a second manner
based on the source address being in a second range of
source addresses,
the second manner being different than the first manner,
and
at least one of the first forwarding table or the second
forwarding table containing information associated
with at least one level of indirection,
the information associated with the at least one level
of indirection including information associating
the source address with one or more next hop iden-
tifiers,
information associating the one or more next hop
identifiers with at least one of the first egress
interface port or the second egress interface port
being included in a resolution table,
the information in the resolution table being used to
forward the received packet to the first egress
interface port or the second egress interface port;
and

programming, by the device, the filter to initiate a third

lookup operation in the second forwarding table when
the source address of the received packet is not in the first
range of source addresses or the second range of source
addresses.
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18. The method of claim 17, where the first forwarding
table contains an entry corresponding to a first label switched
path.

19. The method of claim 18, where the second forwarding
table contains an entry corresponding to a second label
switched path.

20. The method of claim 17, where the first and second
forwarding tables contain entries associating address ranges
with egress interface port identifiers corresponding to the first
egress interface port and the second egress interface port.

#* #* #* #* #*
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